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性，其中 Ni56Mn16Fe9Ga19 合金 稳定， Ni56Mn19Cu6Ga19 和 Ni58.5Mn25Ga16.5 两个
合金马氏体转变稳定性 差。通过拉伸试验可以发现，NiMnXGa（X = Co, Fe, Cu, 
Ni）四个合金中当合金中第二相硬度越小时，合金的屈服强度越低，塑性越好，
断裂延伸率分别为 8.16%、10.46%、4.41%和 8.50%。Ni56Mn16Fe9Ga19 合金显示
良好的形状记忆效应，在卸载应变为 4.63%时形状记忆回复应变为 2.25%。 
对 Ni56Mn25-xCrxGa19（x = 0, 2, 4, 6）系合金的研究表明，通过 Cr 的添加，在
单相基体合金中引入具有一定塑性的第二相，可使合金塑性得到明显的改善。结
果表明，第二相在马氏体相的晶界和晶内均匀分布，其含量随着 Cr 含量的增加
而逐渐增加，γ相的体积分数分别为约 10%，16%和 21%。随着 Cr 含量的增加，
合金马氏体相晶胞体积膨胀、价电子浓度减少，这些因素相互影响，导致
NiMnCrGa 合金的马氏体相变温度降低。通过拉伸试验，可以得到，
Ni56Mn21Cr4Ga19 合金的断裂强度为 497 MPa，断裂延伸率为 8%；对于
Ni56Mn19Cr6Ga19 合金分别 454 MPa 和 5.5%。合金的形状记忆效应随着预应变的
增加而逐渐的增加，Ni56Mn21Cr4Ga19 合金在卸载应变为 4.5%的形状记忆回复应
变为 2.7%；Ni56Mn19Cr6Ga19 合金在卸载应变为 3.5%时的形状记忆回复应变为
1.9%。 
 
















The properties of γ phase play an important role in the behaviors of dual-phase 
NiMnGa-based high-temperature shape memory alloys (HTSMAs). In this study four 
dual-phase NiMnGa-based alloys containing a similar amount of γ phase (about 18%),  
i. e., Ni56Mn21Co4Ga19, Ni56Mn16Fe9Ga19, Ni56Mn19Cu6Ga19 and Ni58.5Mn25Ga16.5 
were investigated with respect to their microstructure, martensitic transformation 
behavior, as well as mechanical and shape memory effect. These four alloys exhibit 
different degrees of martensitic stabilization which gradually increased with the 
decreasing of the strength of γ phase. Ni56Mn16Fe9Ga19 exhibits the highest 
martensitic stabilization, with △TAp about 51.4℃. During thermal cycling, the fast 
degeneration of martensitic transformation was observed in all dual-phase 
NiMnGa-based HTSMAs except Ni56Mn16Fe9Ga19, which exhibits an excellent 
thermal stability. Dual-phase NiMnXGa (X = Co, Fe, Cu, Ni) HTSMAs exhibit high 
ductilities and low yield strengthes with low strength γ phase. The elongation of the 
above four alloys were measured to be 8.16%、10.46%、4.41% and 8.50%, 
respectively. Ni56Mn16Fe9Ga19 alloy exhibits good SME, the recovery strains is 2.25 
% under a residual strain of 4.63 %. 
The microstructures, martensitic transformation, mechanical and shape memory 
properties of Ni56Mn25-xCrxGa19 (x = 0, 2, 4, 6) alloys were also investigated. The 
results show that the hot-workability and ductility of the polycrystalline NiMnCrGa 
alloys could be obviously improved by introducing a ductile γ phase via the addition 
of Cr element. The γ phase disperses uniformly among the martensite variants and the 
grain boundaries, and its amounts gradually increased with increasing Cr content, 
which were measured to be about 10, 16 and 21 % for x = 2, 4 and 6, respectively. The 
martensitic transformation temperatures decrease with increasing of Cr content, which 
should be resulted from the variation of the intrinsic factors, i.e. the increasing in the 















tensile stress and elongation were measured to be 497 MPa and 8 % for x = 4, and 454 
MPa and 5.5 % for x = 6, respectively. The shape memory strains are measured to be 
2.7 % under a residual strain of 4.5 % for x = 4, and 1.9 % under a residual strain of 
3.5 % for x = 6, respectively. 
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中的一种材料，它具有可回复应变大（如 NiTi 合金可达 8％）、响应时能产生巨
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